treatment of the removed surface tissue by blending resulted in a significantly greater number of bacteria being recovered than when the same sample was swabbed and/or rinsed. Data indicate that blending of the carcass surface tissue provides a more representative value of the true microbial flora.
Various sampling methods are used in determining the relative numbers of bacteria on heterogenous and/or uneven surfaces. For example, poultry researchers (3, 4) rinse or spray whole carcasses with diluent, which is then used for total and differential microbial counts. Contact surface plates are used to evaluate the effectiveness of sanitizing agents, whereas the aerospace industry utilizes ultrasonic vibration or vacuum probes to determine the sterility of various systems (2) . Yokoya and Zulzke (6) sampled meat surfaces by removing the tissue contained in a raised oval stainless-steel plate. This method, although not tested, would not appear to be applicable to chilled carcasses, since the firm tissue would probably not enter the template opening. This report describes the results of a comparison of the moist-swab contact sampling method (1) with a rinse and/or blend method of the same swabbed surface area removed from the carcass.
This study was divided into two experiments. Experiment 1 involved six beef carcasses (processed at the University of Florida abattoir), which were evaluated at five areas of the carcass side (round, rib, aitchbone, foreshank and neck). Swab samples were collected by using a galvanized-steel template (6.45 cm2), followed by removal of the swabbed tissue (approximately 3 g) with a sterile surgical knife. The swabs were placed in 10 ml of Butterfield phosphate diluent, mixed on a Vortex appara- tus for 20 s, and serially transferred to 9-ml diluent tubes. Tissue samples were placed in 120-ml widemouthed jars containing 100 ml of diluent, thoroughly mixed by shaking for 30 s, and serially diluted. Excised tissue thickness was less than 0.5 cm. Samples were collected by the two methods at 0, 3, 7, and 12 days postslaughter.
For experiment 2, samples were collected from only the neck area of 26 beef carcasses at various time periods. After swabbing a 6.45-cm2 area, the area was removed with a sterile surgical knife. The excised tissue sample and the swab sample were treated as described for experiment 1. After serial dilution of the rinsed tissue, the remaining portion (98 ml of diluent plus tissue) was placed in a blender jar. An additional 2 ml of diluent was added to replace the amount removed for previous dilutions. After blending for 2 min in a Waring model 1120 blender at medium speed, serial dilutions were prepared.
For comparison, a 6.45-cm2 surface tissue section (approximately 3 g) was removed from an area adjacent to the initial sample, blended in 100 ml ofdiluent, and diluted appropriately. All samples from both experiments were plated using plate count agar (Difco), and the plates were incubated at 20°C for 5 days.
In experiment 1, variation in total microbial counts existed due to the area sampled. Table 1 presents the mean (log,1) microbial counts obtained from the various areas. No differences (P > 0.05) were observed between the moistswab and tissue removal rinse technique for a given area on days 0 and 3; however, by day 7 (and for day 12) significant differences occurred between sample methods. Differences in micro- bial counts were probably due to the inability of the swab to pick up the surface flora, especially when increased numbers were present.
Other factors, such as surface desiccation, would also influence the removal of cells by each procedure. These data also indicate that when the microbial count increased beyond log10 4.5, the tissue removal rinse technique provided a better indication of the true microbial population for that given surface area. However, when microbial numbers were less than log,0 4.0, comparable results were obtained regardless of the method employed. Highest numbers of bacteria were obtained from the rib, neck, and foreshank areas ( Table  1) . These elevated responses could be due to the carcass rinse water runoff and the fact that these areas are closer to the floor, maintain a moister surface, and are therefore more accessible to contamination and subsequent microbial growth. The decrease in total bacteria present between days 0 and 3 is probably associated, at least in part, with a shift in the microbial flora from a mixed mesophilic-psychotrophic group to a predominant psychotrophic group (5) . Other considerations for this reduction in count could be associated with environmental changes.
As a result of data obtained in experiment 1, the neck area of the beef carcass was selected for further microbial sampling technique evaluation. Data presented in Table 2 indicate that blending of the surface tissue provided higher (P < 0.05) microbial counts than when the swab and/or rinse techniques of the same tissue were used. Summation of values for the three techniques (swab + rinse + blend) was comparable to the mean for the adjacent area, which was only blended.
The blending of surface tissue provided increased accuracy in the determination of rela- tive microbial flora present in a given area. Although statistically significant, this increase by blending over the swab and/or rinse responses must be weighed against the increased costs in time and material in performing this procedure. The necessity of large numbers of replications to establish the mean surface microbial flora per area sampled might make the use ofthis process prohibitive, whereas workers making selective research studies into subsurface microbial growth would find this procedure much more accurate than the swab and/or rinse technique in determining the true microbial level.
